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Top pair decays

Lepton+]ets

golden channel: high statistics AND good
S/B ratio. Most of the measurements
are made here

All hadronic

challenging channel: highest statistics
BUT huge backgrounds

ttbar Decay Modes

Dileptons

He+e Emu+mu [Otau+tau BEe+mu Oe+tau
cleanest sample even before b-tag BUT ‘

Omu+tau Metjets BEmu+jets DOtau+jets [DOall had

\

lowest statistics & neutrinos

MET+jets

large acceptance to taus, orthogonal to
others
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CDF detector

displaced
tracks

v" Tracking: silicon tracker - drift chamber oo
econdary
vertex

- muon chambers

) Central Calorimeter (EH)
Ceptral Muon e /

Forward Mugn
prompt tracks

Wall Calorimeter (H) =3 == A/ Solenoid
Plug Calorimeter (E/H) B ¢ e = %,: \
NN \ ; \ \ "\
J, \/_ i 9 x

v" b-quark identification w
) i silicon detector (SVX)
174 top event b-tag eff: ~ 55%
7
- NE N
el o | \ ﬁ{ i v Calorimeters:
W o central, wall, plug
| Central Outer Tracker overall coverage: Inl<3.6

| Silicon Vertex Detector
Intermediate Silicon
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Common features

Fabrizio Margaroli

Trigger requirements
L+jets inclusive high Et lepton
Dilepton (e/u)
All-jets high jet multiplicity &
ME+jets SumE,>175GeV Event selection
) P(e/n) >20GeV large ME
L+jets )
Er(jets)> 15GeV
Dilepton As above with 2 high P leptons
Main B ackgrounds All-jets =6 jets + NN selectif)n + b-tag
5 OR cut-based selection + b-tag
Leiet Wijets (b's, ¢'s, others),
Hets QCD (jets faking leptons) ME +jets | As above but large ME; significance

Dilepton Z/y* = 1*1,, diboson
All-jets QCD multijet
ME; +jets QCD/WHjets
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Cross section

Tests QCD in high Q*regime | Fevern ey s rors
Dilepton _ 3..311.511.010.5

Each channel is sensitive in a .
different way to new physics '(Lff;‘;';*;;‘ffi Kinematie s 6.0+0.6+0.9+0.3

‘Lepton+Jets: Vertex Tag.% 8.2+0.6+0.9+0.5

(L= 695 pb’)
&

7.841.7 +,9+0.5

Study of sample composition (useful
for Other property measurements) Lepton+Jets: Soft Muon

DAMMMMENNR

(L= 760 pb’) /
'MET+Jets:jVertex Tag / 6.1+1.2 +1'4+U‘ 4
. - : = 1& Sg oY
Most measurements are counting | © 7 % .
" . "All-hadronic: Vertex Tag/ 2.0
experiments: 11070 o5 % 8.3+1.0 +7.+0.5
Oi5 — Nobs _ kag ‘Combined(old SLT,all-h
%7 A [ Ldt T T3:0.5:06:04
I NS AN AT AT N UR AT AT A et A
. . 0 2 4 6 8 10 12 14
No discrepancies found 5(0P > ) (pb)
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Events

Alljets o0
NN + b-tag o
S/B~1/2 high

Some X-sec measurements

Counting experiment

80|
60 [
40}
20}

CDF Run Il preliminary (750 pb'1)
—e— Dala ]

JUNY Bkgd = 1o uncertainty ]
C)fic=83pn)
3 wwiwz
ov
[ fake
H
H

Gl

0 jet 1 jet

>2jet HT>200+0S
Jet Multiplicity after Z veto, MET > 25 GeV and L-cut

O,= 8.3+1.5(stat.)+1.0(syst.)£0.5(lum.) pb

acceptance 5%
result with 1.0fb-!

6 7 8 N'et
o,= 8.3+1.0(stat.)*20, (syst.)=0.5(lum) pb
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Dilepton
Background
modeling: MC +
data-driven

no b-tag

result with 750pb-!

| CDF Run Il preliminary |

—— Data(L02b")
— Background

—— Background + signal (8.3 pb)

Likelihood fit
L+jets
NN w/o b-tagging requirement:
larger acceptance ~ 300 tt evts
but larger background -> fit shapes
result with 760pb-!

CDF Preliminary (760 pb™)

350: --- multijet
} -------- W+jets
= — tt
300 — combined
= data
<+ 250
. » =
o C Njets - 3
—200—
Q8 multijet: 78.0+ 4.2 events
S 150" Wijets:1698.1= 49.7 events
> T signal: 324.6 + 31.6 events
100
so 0t
o:-'-'__ =1=i F I A I—|-I_IJJlJ-LLJ'.'Li;_.lI..EI"I"
0 01 02 03 04 05 06 07 08 0. 1

ANN output

0,=6.0 £ 0.6 (stat.) + 0.9 (syst.) pb
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Top mass

1T [ LI B B '[ LI R B '|' LU S B [ UL L
Fundamental parameter in the SM B e eerroraron today) ;
M,,, enter in radiative corrections: 0,60 -
: g ]
- L
AM Mtop AMW X InMH 8 eosof mssmf
=
t H = 80.40:
W = e, N\ w (
‘v ‘v __ ‘y ‘.5 é ",‘ ““ “ 80.30:
3 80.205 . . both model .
Together with M, it constrains My, N T T T R T

m, [GeV]

CDF Top Mass Uncertainty

(l+I and |+j channels combined)

RunlI design goal: 2-3 GeV O(10 fb) : \}w 2o 4’ o
RunllI 1fb results : ~2GeV with just 1 fb-! -

—
o
1

Vo CDF Results

A M,(total) GeV/c

+ Run lla goal (TDR 1996)

Scale A(stat) /NL, Fix A(syst)
(assumes no improvements)

. . . . . N Scale Aftotal) / NL

(low statistics,high background,combinatorics) ___ (mprovemens requirec |

10 10° 10°
Integrated Luminosity (pb'1)

e Different challenges in different channels:
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I.ots of measurements!

Top mass measurement at CDF's:

large number of measurements using
all 4 signatures

different techniques:
Template method
Matrix Element

Not all of them are shown!!!

Latest CDF combination:
mt0p=170.9 +1.4+1.9 GeV/c?
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'Lepton-i-.]&t}s: L,y

CDF (*Preliminary)

Run 1 Dilepton
{Run 1 only)

Run 1 Lepton+Jets
{Run 1 only}

Run 1 All-hadronic
{Run 1 only)

Spb )

'Dilepton: Matrix !emeni

(L=1030pb )

Dilepton: Combined
leptag: Combine

Dilepton: eightin
'.'1'_!:'343»9p‘?;""‘}f 'ghting

167.4£10.3+ 4.9
176.1+ 5.1+ 5.3

1860 :10.0 + 5.7

ngl_ipgtgn:bMatrix Eleﬁent b-tag 16?3 B 46 + 38

164.5+ 3.9+ 3.9
167.9+ 5.2+ 3.7

170.7+ 82 +3.7

Dilepton: Py(tt
I.’Lg 340;:::"5 )

169.5+ 71 + 4.0

Dilepton: ¢ of
leptogof ™

‘Dilepton: DLM

(L=340pb ")
Lepton+Jets: DLM
£=313 p.t:ts}

169.7 + 32 + 4.0

166.6 + 13 + 3.2

173.2+ 26 +3.2

(L= 695 pb

(L= 680 pb

“All hadroni¢: Template

(L=1020ph )

"All hadronic: Ideogram
(L= 310 pb!’? g

CDF Summer 2006
(L=1030pb )

“Tevatron Suqlmer'DB
1

(CDF+DO0 Rur| 1+11)

18392157 £ 5.6

'L?LEBEJSE_@?: Matrix Ehg:lent 1709+1.6 + 2.0

'Lepton-I-J&tjs: M}‘;E,,+w >

173.4+1.7+2.2
174.0+2.2+ 4.8
1771+ 4.9+ 4.7
170.9+ 1.4+ 1.9
14412+ 18

stal) =

150 160 170

180 190 200

Top Quark Mass (GeWczl
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Lepton+jets

Matrix element technique
N
L(Myop, JES, Cs; &) o< [[ [CsP(&; Miop, JES) + (1 — Cs) Py 4jets (& JES)]
i=1
Jet Energy Scale (JES) measured through a contraint of the untagged
dijets mass to known W mass
CDF Preliminary 940 pb”

- : : 5 CDF Run Il Preliminary (940 pb’)

.@ Mean 2.3

1.05 60| RMS 0.2 -
' S/B~1/2 40
0.95 | 1 201

B | Ng~100evts
160 170 180 ) % " 2\/ 3 2 5
Mp (GeVIC) 8M,,, (stat+JES) GeVic’
M,,, = 170.9 + 2.2 (stat+JES) % 1.4 (syst) GeV/c?

Most precise single measurement in the world!
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All hadronic channel

Events/(10 GeV/c?)

50

CDF Runll preliminary L=1.02 fb”!

a|

|

|

]
T

M (Govic)

= Data

I:I Best fit background

I:I Best fit signal + background

100 200 300 400
Fitted M, (GeV/c?)

CDF Runll preliminary L=343pb

1UE
8

Double Tags E\rentsHO[Ge\ch]
o
T [ T T T

=
T

r
L B B

Doublele Tags
v Data

|:| Signal+Bakground

i

140 160 180 200 220,
Event Top Mass (GeV/c)
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Template method

NN kin selection + b-tag S/B~1/2  Ng~ 250evts

M,  =174.0 = 2.2(stat.) = 4.5 (JES) = 1.7(syst.) GeV/c?

top

Mixed technique:ME to extract a Template

Kin+dynam cuts + b-tag S/B~1/1  N¢~30evts

CDF Runll preliminary L=943pb’

Use dijets to
constrain the JES

Precision measurements
e in a difficult channel!!

Top Mass (GeVic')

M,  =171.1 £ 2.8 (stat.) = 2.4 (JES) = 2.1(syst.) GeV/c?

top
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W helicity 1n top decays

Tests V-A interaction 5008 o
o o o . < right-hande
Measure the W's helicity fraction using cos0” % S0.6 _sf,,’i‘(ZMj’ ‘

SM predicts F=0.7 F=0.3 F =0

1 0.4
0.2
b < 5 W o g divec- 1
-1 -0.5 0 0.5 1
*
cos O
100 CDF Run Il Preliminary
a L @ data
Use l+jets evts, reconstruct event Kinematics § gof. o S
] [ it
F,= 0.59+0.12 (stat.) £ 0.07 (syst.) € sf =
F,= -0.03 £0.06 (stat.) + 0.04 (syst.) 40} t | | | |
F,< 0.1 @95 C.L. 20F

. e . . 0
Large uncertainties but consistent with SM -1 -0.5 0 0.5 1
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Pair production mechanism: gg vs. qq

Test of pQCD (~15% gg—ttbar, ~85% qqgbar —ttbar) and is sensitive to
new physics.

Multiplicity of low pt tracks is correlated to gluon content.

Data driven technique

15 22 5
A ; Calibrate <N, >
[ —e— wiljer 205 D Tagged W+4 jet data .
1 e Al o vs. <N_> using
| —a— Dijet 80-100 GeV ; No-gluon contribution . g .
b T Dijet100-120 GeV P LR DR 16|~ Gluon-rich contribution ‘ v +J ets and le et
o 13- . Dijet 120-140 GeV L
g [ 2 14 A
P — % 12: \ CDF Run Il Preliminary data (and MC)
o r
£ 125 +_°_ s i _ J.Ldt=:1fb'1
o & 1oL 1
A ) B
z -~ s |
v o1 z 8¢ "L I

CDF Run Il Preliminary 6

Fit data to gluon

10_”\_‘, jL dt~1fb" 4; o _
: o ' M rich and
9_| I A R R R A I A B A A B Oi‘u‘l“”l””‘”“?“ 15 T g

0 0.5 1 1.5 2 5 10 15 20 25 30 35 40 45 <Ntrk> templates

<N,> of the sample Number of low p; tracks

o(gg=>tt)/a(pp=>tt)=0.010.16(stat.)+0.07(syst.)
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New physics in top sector: resonance”?

| Total Invariant Mass of the tt System |

TOp as a prObe for new phySiCS at ‘E - CDF Run Il Preliminary, L=955 pb'1
very high mass scale! i i
Look for a heavy neutral boson with the § ——
same couplings as the Z° z

pp — X° — tt

450<M, <900 GeV/c? e
* signal shape is totally dominated by M; [Gevic’]

CDF Run ll Preliminary, L=955 pb'1

resolution and combinatoric effects

| S ........................ - Expected Limit at 95% G.L. ..........

Expected Limit at 95% C.L.+ 1a

;| —e— Observed Limit at 95% C.L.

Fully reconstruct the event:

Upper Limit on O . a [pb]
(%]
(4]
|

look for invariant mass in the t-tbar system
through binned likelihood fit

Set limits to o x BR(X")->tthar B R P B N A
500 600 700 800 900 |
Mass of Z'-Like Resonance [Gev/c']
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Summary of CDF analysis

SM Observable CDF measurements SM expectation
Mass (GeV/c?) 1709 +2.4 178+12
o, (pb) 7.3£0.9 6.7 0.9
F, 0.59 £ 0.14 0.70
F, <0.1 @ 95% C.L. 0
o(gg—tt)/c(pp—tt) 0.01 £0.16 £0.07 0.15
c x top lifetime (um) €Ty, < 52.5 10-10
o(single top) (pb) not there yet 2.9+04
Non SM process CDF limits

resonant production

(BRxo) <1 pb @ 95 C.L. for My> 600GeV/c?

t' search

t' mass > 258 GeV at 95% CL

Fabrizio Margaroli

And many more.....!
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CDF and Tevatron mass average

Weights of the various decay channels in the CDF and Tevatron
combination:

0'8 Run Il 1+j ﬁ“ﬁ [ COF Run 1 I+j
S
g %7] & 0.5]
. c
d 0.6 3
= 2 ol
N w| o -
g 0.5 S
S
o 04 S 0.3
8 =
Y 0.3} 3
2" F 0.2
£ 0.2 -
=] o " E
& 8 \\
é 0.1H I Q-"i\\ o 5 o E" lUn]]- o\b N
. 5 ‘\'} W h&‘ Q o &
4 e q_é“‘ \}0\ g \.‘3 o p\}'
i L L - 9
0.0 | s— | 0.0 " Lo

Analysis

Best measurements from l+jets; second best from all-hadronic
channel, third from dilepton. Trend is well-estabilished @ CDF
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Single top

q { q' q
.l.
w W
b {
q b g b

* Single top production probes V, and is sensitive new physics
* background to Higgs searches

Difficult signature: after evts selection on average S/B~1/30
4 different measurements:
Neural Network s+t channel <2.6 pb @ 95% C.L.
t-channel = 0.2 +1.1 -0.2 pb s-channel = 0.7 +1.5 -0.7 pb
Multivariate Likelihood Function s+t channel <2.7 pb @ 95% C.L. best fit
t-channel = 0.2 pb  s-channel =0.1 pb
Matrix Element Discriminant s+t channel =2.7 +1.5 -1.3 pb
obs p-value(1-CL,)=1.0% (2.3 sigma)
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